Impairments in imitation are present in young children with autism spectrum disorders (ASD), but the onset of these impairments is unknown. The present study investigated the developmental trajectories affiliated with various types of imitation. Imitative performances in infancy were observed in a prospective design, and retrospectively compared between ASD and typically developing (TD) infants. The results indicated that infants who later presented the symptoms of ASD showed less imitation at 13 months of age, but not at 11 months. Both of TD and ASD infants imitated more object manipulations than gestures and meaningless movements, and gestures were more frequent than meaningless movements. Imitation impairments in ASD appear to be delayed instead of being atypical. Our findings can be used in assessments of ASD before 18 months of age.
Introduction
Imitation serves significant functions in early social cognitive development, including a means of communication with social partners (Nadel, Guerini, Peze, & Rivet, 1999) , a learning strategy (Uzgiris, 1981) , and a foundation for shared experiences of emotions, thoughts, and intentions (Stern, 1985) . In typical development (TD), imitation becomes dramatically more complex over the first 2 years of life (Kaye & Marcus, 1981; Kuczynski, Zahn-Waxler, & Radke-Yarrow, 1987) . The development of imitation skills differs across the types of target behaviors. Imitative actions on objects emerge by 9 months (Meltzoff, 1988a) ; infants up to 20 months of age are more likely to imitate actions on objects than body movements (Abravanel, Levan-Goldschmidt, & Stevenson, 1976; Rogdon & Kurdek, 1977) . Meaningful actions without objects, i.e., gestures, are imitated more often than non-meaningful actions without objects at 16 to 17 months of age; however, by 22 months of age, imitation of meaningful and non-meaningful actions occurs with similar frequency (McCabe & Uzgiris, 1983) .
Autism spectrum disorders (ASD), a type of neurodevelopmental disorder, are characterized by deficits in social interaction and communication skills and restricted and repetitive behaviors (American Psychiatric Association, 2000) . Impaired performance on imitation tasks and other indicators have been described in children with ASD (Charman & Baron-Cohen, 1994; Smith & Bryson, 1994) and these persist into adulthood (Hobson & Lee, 1999) . Several studies have considered impairments in imitation as a core deficit in ASD (Rogers, Cook, & Meryl, 2005; Williams, Whiten, & Singh, 2004) . Early impairments in imitation may affect interpersonal relationships (Rogers & Pennington, 1991) . While the findings on typical developmental course of each type of imitation have been consistent, research on the types of imitation that cause the most difficulty for children with ASD is less conclusive. Many reviews on imitation in ASD, including a meta-analysis, indicate that imitation of meaningless movements is more affected than imitation of action on objects in ASD (e.g., Colombi, Vivanti, & Rogers, 2011; Rogers & Williams, 2006; Williams et al., 2004) : As compared to a matched control group of TD infants, young children with ASD were less likely to imitate body movements, but performed equally well on imitating object movements (e.g., Aldridge, Stone, Sweeney, & Bower, 2000; Stone, Lemanek, Fishel, Fernandez, & Altemeier, 1990) . In contrast, however, a recent study showed that children with ASD perform less well on object imitation, but equally well in the imitation of body movements, than either TD or developmentally delayed children (e.g., Vanvuchelen, Roeyers, & de Weerdt, 2011) . Thus, there is disparity in the empirical evidence about the imitation abilities of ASD children.
One way to determine the types of imitation that may help to identify ASD is to examine imitative performance in infancy, especially during the period when imitation undergoes dramatic development. The types of imitation that children later diagnosed with ASD do not show during this period could be considered indicators of ASD. Some studies have investigated the deficits of imitation in infants with ASD through retrospective methodology including parental reports (Ornitz, Guthrie, & Farley, 1977) or home videotapes (Receveur, Lenoir, Desombre, Roux, Barthelemy, & Malvy, 2005) . Because retrospective surveys have limitations that affect accuracy in tracking individual and group differences over time, recent studies on early identification of ASD have used a prospective methodology. To date, only one prospective study has focused on the development of imitation during the second year of life in ASD children (Young, Rogers, Hutman, Rozga, Sigman, & Ozonoff, 2011) . The study collected longitudinal data on imitation performance at 12, 18, and 24 months of age, and showed that the group of children who were diagnosed with ASD at 3 years of age were delayed in the development of imitation compared to a group of TD children at all time points. Thus, Young et al. (2011) suggest that imitation is impaired in infancy in children with ASD, but the different types of imitation (i.e., objects or body movements) were combined to form a single variable: The question about the types of imitation that are the most difficult for infants with ASD is unexplored. Additionally, in order to capture the difference in the patterns of change over time between ASD and TD, measurements during the period when imitation drastically increases are needed more frequently. Investigating imitation development according to the types of imitation at many time points in infancy could help us identify the early signs of ASD and the critical periods of delay or absence. Therefore, the aim of the present study was to investigate differences in the development of imitation between children with ASD and children with TD during infancy. Using a prospective design, we explored whether developmental trajectories differed according to the type of imitation, i.e., object manipulation, gesture, or meaningless movement, and compared the developmental paths of ASD and TD children.
Method

Participants
The participants were recruited through advertisements in local community publications, at posters, and in two pediatric clinics. Fifty-four infants and their families, including high-risk infants (defined as having an older sibling with ASD), were enrolled in this study. Fifteen participants were eliminated from the analysis due to missing data at one or more time points (n = 9), due to later emergence of ASD (having ADOS scores above ASD cut-off only at 24 months; n = 3), and due to the possibility to have broad autism phenotype (having an older sibling with ASD, but ADOS scores below ASD cut-off at 16 and 24 months; n = 3). Thus, the final sam-ple consisted of 39 infants (23 boys and 16 girls).
The participants underwent a diagnostic assessment for ASD at 16 and 24 months of age via the author-reviewed Japanese translation of the Autism Diagnostic Observation Schedule (ADOS; Lord Rutter, DiLavore & Risi, 1999) . The diagnostic stability of ASD in the second year of life through the ADOS has been consistently demonstrated in previous studies (e.g., Chawarska, Klin, Paul, & Volkmar, 2007; Kleinman, Ventola, Pandey, Verbalis, Barton, Hodgson, Green, Dumont-Mathieu, Robins, & Fein, 2008; Volkmar, Chawarska, & Klin, 2005) . As results, 18 infants (8 boys, 10 girls) whose scores were below the autism spectrum cut-off comprised the TD group at 16 and 24 months of age. Twenty-one infants (16 boys, 5 girls) were classified into the ASD group due to having ADOS scores above the autism spectrum cut-off at both time points; additional clinicians (licensed clinical psychologists or pediatric doctors) independently provided assessments and received clinical impressions of ASD.
Measures and Materials
Imitation Tasks
Three types of imitation tasks (object manipulation, gesture, and meaningless movement) were used. For all of the tasks, infants either sat on play mats in front of their primary caretakers or on their caretakers' laps. After demonstrating target imitation, the experimenter said "(Name), do this", and infant's behaviors were observed. If an infant looked at the experimenter or caregiver and appeared to hesitate, the experimenter would encourage the infant. Encouragement without physical prompts was also given for effort; if the infant did not imitate yet, this sequence was repeated twice more so that the infant saw the modeled behaviors six additional times. Each trial was terminated if the infant imitated the modeled behavior or after 60 s had passed. The order of presentation of the tasks was counterbalanced across the test sessions and participants.
In the object imitation task, only a single object was available to the infant during each trial. The experimenter modeled the target manipulation three times in quick succession before handing the object to the infant. The test objects (Figure 1) were selected from the study conducted by Meltzoff (1988b) . The objects and the corresponding target acts were 1) a wooden bird-shaped toy that could be set so that it produced a sound when shaken up and down; 2) an L-shaped device with a larger base connected by a hinge to a flap that could be pushed over so that it would lie flat on top of the base; 3) a touch panel that could be illuminated by leaning forward and touching it with the forehead; and 4) a dumbbell-shaped toy that came apart into two pieces and was put back together.
For the gesture and meaningless movement imitation tasks, the target action was demonstrated three times in succession. In this task, four meaningful gestures, selected from the study conducted by Smith and Bryson (2007) , were demonstrated. The target acts were 1) "come here" (beckon with four fingers except thumb); 2) "quiet" (holding one index finger perpendicularly to lips); 3) wave goodbye; and 4) clap hands. For the task of body movement imitation, four types of meaningless movements selected from previous studies (Bekkering, Wohlschläger, & Gattis, 2000; Rogers et al., 2003) were demonstrated. The target acts were 1) open and close both hands simultaneously; 2) pat chest with one hand; 3) dangle both hands simultaneously; and 4) touch ears with both hands.
Two video cameras recorded the infant and experimenter during the administration of the tasks. The infant was assigned a score, ranging from 0 to 4, according to the number of the four target acts he or she reproduced in each task. As a reliability check, a second observer coded 25% of the data from each task; the agreement was 100%.
Autism Diagnostic Observation Schedule (ADOS; Lord et al., 1999)
The ADOS is a standardized, semi-structured behavioral observation designed to assess ASD symptoms in the domains of communication, reciprocal social interaction, play, stereotyped behaviors and restricted interests, and other abnormal behaviors. Diagnostic classification is made if the cut-off scores in communication, interaction, and the combined areas of communication and interaction are exceeded. The administration and coding of the ADOS were conducted by a trained examiner who met required reliability criteria. Because our participants were all Japanese, the present study used the author-reviewed Japanese translation for the ADOS, Western Psychological Society.
Procedures
The study was conducted individually in a quiet and plain room at university. The 39 participants visited university six times. During the four visits [at 11 months (M = 11 months 4 days), 13 months (M = 13 months 2 days), 15 months (M = 15 months 1 day), and 17 months (M = 17 months 3 days)], imitation skills were evaluated. The diagnostic assessment of ASD, via the ADOS, was carried out at the visit when the children were 16 and 24 months old.
The caretakers of all the participants were informed about the procedure and gave their written consent for their children's participation. This study was approved by the Institutional Review Board for Clinical Research at Osaka University Hospital and was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. A three-way analysis of variance (ANOVA) was conducted with the group of participants as between-subject variables and the type of imitation and age as within-subject variables. Main effects were observed for group (F (1, 37) = 31.37, p < .0001), type of imitation (F (2, 74) = 226.56, p < .0001), and age (F (3, 111) = 4.39, p = .006). The TD group showed more imitation of others' behaviors compared with the ASD group. Infants imitated object manipulations more than gestures and meaningless movements (t (74) = 15.54, p < .00001; t (74) = 20.45, p < .00001, respectively), and more gestures than meaningless movements (t (74) = 4.91, p < .00001). Infants showed significant development of imitation at all measurement points; more imitation was recorded at 13 months than at 11 months (t (111) = 2.41, p = .02), more at 15 months than at 13 months (t (111) = 2.35, p = .02), and more at 17 months than at 15 months (t (111) = 3.40, p = .001).
Results
A significant interaction between group and age was observed (F (3, 111) = 4.39, p = .006). The TD group demonstrated a greater amount of imitation of others' behaviors compared with the ASD group, at 13, 15, and 17 months of age (F (1, 148) = 4.45, p = .04; F (1, 148) = 12.54, p = .0005; F (1, 148) = 36.40, p < .0001, respectively), but not at 11 months (F (1, 148) = 3.20, n.s.) . The TD group showed significant development of imitation beginning at 13 months of age [more at 15 than at 13 months (t (111) = 2.35, p = .02), and more at 17 than at 15 months (t (111) = 3.61, p = .0005)], but there was no significant difference between 11 and 13 months of age (t (111) = 1.80, n.s.). On the other hand, a significant increase in the overall performance of imitation was observed only in the comparison of performance at 13 and 17 months of age (t (111) = 3.59, p = .0005) for infants with ASD.
A significant interaction between the types of imitation and age was also observed (F (6, 222) = 3.60, p = .002). Infants showed significant development of object manipulation imitation up to 15 months of age [more at 13 months than at 11 months (t (333) = 3.11, p = .002) and more at 15 months than at 13 months (t (333) = 3.06, p = .002)], but there were no significant difference between 15 and 17 months of age (t (333) = 0.10, n.s.). Infants showed significant development of gesture imitation between 15 and 17 months of age (t (333) = 3.45, p = .0006; t (333) = 3.96, p = .00009, respectively). At 11 months of age, infants imitated object manipulations more than gestures and meaningless movements (t (296) = 7.65, p < .00001; t (296) = 9.68, p < .00001, respectively), but there was no significant difference between the imitation of gestures and meaningless movements (t (296) = 2.03, n.s.). At 13, 15, and 17 months of age, infants imitated object manipulations more than gestures (t (296) = 9.70, p < .00001; t (296) = 11.35, p < .00001; t (296) = 7.43, p < .00001) and meaningless movements (t (296) = 12.18, p < .00001; t (296) = 15.08, p < .00001; t (296) = 10.60, p < .00001, respectively), and more gestures than meaningless movements (t (296) = 2.48, p = .01; t (296) = 3.74, p = .0002; t (296) = 3.17, p = .002, respectively).
Discussion
The differences in imitation between the infants who later presented with symptoms of ASD and the infants with TD was observed as early as 13 months of age; infants with ASD imitated less at 13 months, but not at 11 months. The present data support parental impressions about the development of their own child with ASD. Although the median age of identification of autism was 5.7 years (Shattuck, Durkin, Maenner, Newschaffer, Mandell, Wiggins, Lee, Rice, Giarelli, Kirby, Baio, Pinto-Martin, & Cuniff, 2009) , most parents have expressed concerns about developmental problems by the time the child is 18 months old (Siegel, Pliner, Eschler, & Elliot, 1988) . Our findings can be used as part of an evidence-based assessment of ASD in infants below 18 months of age. The present results also documented the developmental trajectories of imitation; infants with TD showed significant increase in imitations beginning at 13 months of age, whereas their development was slow between 11 and 13 months. Infants in the ASD group showed a relatively gradual development of imitation between 11 and 17 months of age. The identification of the periods of spontaneous development of imitation might contribute to early intervention strategies; intervention during the periods when infants with ASD show spontaneous development of imitation may lead to more profound changes, although early intervention has already been found to be associated with a good prognosis in the long term (Rogers, 1998) .
The present study showed not only differences but also similarities between infants with ASD and infants with TD. The developmental trajectory shown by infants with ASD was quite similar to that shown by infants with TD. All infants imitated object manipulations more than gestures and meaningless movements, and gestures more than meaningless movements. Some studies have suggested that specific types of imitation impair-ments such as gesture are unique to autism (Rogers et al., 2003) although previous findings related to the types of imitation impairments in ASD have been controversial (Aldridge et al., 2000; Stone et al., 1990; Vanvuchelen et al., 2011) . Other studies, however, assume that autism impairment in imitation might reflect on overall general imitation delay rather than a specific impairment (Young et al., 2011) . The present results supported the latter view. The cross-sectional design of previous studies may explain the variation in the results of imitation development by age and type. The present prospective finding suggests that the developmental trajectory of imitation in ASD is delayed as compared with development in TD, rather than atypical, at least during the first half of the second year.
This study revealed the developmental trajectory of imitation in ASD by measuring developmental changes in imitation performance every other month between 11 and 17 months of age. However, in order to clarify the variety of developmental patterns of imitation in ASD, studies of the developmental trajectory of imitation in children with ASD should be extended to include children who show ASD at later time-point and to measure continuously after 17 months of age. In fact, in the case of social, language and motor development measured by the Mullen Scales of Early Learning and the Communication and Symbolic Behavior Scales Developmental Profile, impairment during the second year, e.g., from 14 to 24 months, was greater in the Early-onset ASD group than in the Later-onset ASD group, but comparable at 36 months in both groups (Landa et al., 2013) . Our finding that infants who later displayed the features of ASD showed delayed development of imitation beginning at age 13 months should be extended to subsequent development. Future studies that focus on the delayed development of imitation on the posterior severity of ASD and on the subsequent development of other social cognitive skills may shed light on the development of social cognition in ASD as well as the influence of imitation on social cognition development in general. A limitation of this study was the lack of comparison to a group of non-ASD infants with other developmental delays: Young et al. (2011) reported that imitation in the High-risk group with other delays was not significantly different from imitation in the ASD group. Examining and identifying the types and/or periods of imitation that differentiated ASD from other developmental delays could be useful in establishing an early diagnostic assessment tool for ASD.
